Amplified fragment length polymorphism (AFLP) and enterobacterial repetitive intergenic consensus polymerase chain reaction (ERIC-PCR) genomic fingerprinting assays were compared for their ability to differentiate Escherichia coli isolates obtained from various host sources, and with respect to their pathogenicity. One hundred and ten verotoxigenic, enterotoxigenic and non-pathogenic E. coli isolates obtained from cattle, humans and pigs were used in this study. The AFLP assay was shown to be highly effective in predicting both the host source and pathogenicity of the E. coli isolates. A stepwise discriminant function analysis showed that 91.4, 90.6 and 97.7% of the human, bovine and pig isolates were classified into the correct host types, respectively. The analysis also distinguished the non-pathogenic E. coli from the verocytotoxigenic and enterotoxigenic virulence phenotypes at 100, 100 and 90.9% accuracy, respectively. Sixty-two E. coli strains from the collection were subjected to the ERIC-PCR fingerprinting analysis. Using this method, only 28.6, 0 and 75.0% of the human, bovine and pig isolates were classified into the correct host types, respectively. Overall, the AFLP method was able to ascribe host source with a high level of confidence and readily discriminate pathogenic from non-clinical isolates of E. coli.
Introduction
Escherichia coli is an important indicator microorganism for fecal contamination in aquatic environments. In many cases, an increased level of E. coli corresponds to an increased risk of gastrointestinal diseases caused by other enteric pathogens, such as Salmonella spp., Shigella spp., Campylobacter jejuni, hepatitis A virus and Norwalk-like viruses. Some members of the E. coli species are also well known for causing gastrointestinal diseases. For instance, E. coli O157:H7 can contaminate drinking and recreational water and causes major outbreaks. Recently, an outbreak of the E. coli O157:H7 caused 1346 cases of gastroenteritis and six deaths in Walkerton, ON, Canada [1] . Several major outbreaks of waterborne E. coli O157:H7 have been reported worldwide in the last decade causing thousands of infections, including death in some of these outbreaks [2^4] .
E. coli is widely carried in mammals and birds, and it can be detected in drinking or recreational water contaminated by fecal material shed by humans, domestic or wild animals, or birds. One of the challenges in managing the risk to water from fecal contamination is in identifying likely sources of contamination. The need for this is becoming more acute in areas where urban populations are expanding into areas where there is ongoing livestock or poultry production, a trend occurring in many parts of North America, Europe and elsewhere.
There has thus been considerable interest in developing so-called microbial source-tracking methods, tools to ascribe host source to environmental isolates of E. coli. Traditional biochemical methods, such as serotyping, pulsed ¢eld gel electrophoresis, multilocus enzyme electrophoresis, phage susceptibility, outer membrane protein pro¢les and other phenotypic properties (e.g. ¢mbriae, adhesins and hemolysins), have been used to di¡erentiate E. coli strains [5] . However, these methods are not satisfactory in predicting the host sources and the virulence of E. coli isolates.
Recently, several microbial source-tracking methods have shown some success in di¡erentiating and predicting the host sources of E. coli. These methods include multiple antibiotic resistance patterns, ribotyping [6, 7] , repetitive sequence-based polymerase chain reaction (rep-PCR, includes BOX-PCR, enterobacterial repetitive intergenic consensus (ERIC) PCR and REP-PCR) [8, 9] and ampli¢ed fragment length polymorphism (AFLP) [10] . The rep-PCR and AFLP genomic ¢ngerprinting methods have been used extensively to classify various bacterial species at the subspecies and strain levels [11, 12] . For instance, the AFLP method has been shown to be highly discriminative and reproducible in di¡erentiating various bacterial strains within the same species, such as Vibrio cholerae [13] , Campylobacter [14] , Helicobacter pylori [15] , Staphylococcus [16] , Streptococcus pyogenes [17] , Xanthomonas spp. [18] , Aeromonas spp. [19] , Legionella pneumophila [20] , Acinetobacter [21] , Bacillus anthracis [22] , Salmonella spp. [23] and E. coli [10, 24] . However, the only study that investigated the ability of AFLP to di¡erentiate and source E. coli strains used isolates from a limited geographical area and did not include any common pathogenic E. coli strains, such as the verocytotoxigenic E. coli (VTEC) and enterotoxigenic E. coli (ETEC) [10] . Furthermore, the relative discriminatory e⁄cacies of the AFLP and the ERIC-PCR methods have not been directly compared. The ERIC-PCR genotyping method has the practical advantages of being simpler, more rapid and less expensive [25] .
Discriminant function analysis (DFA) is a multivariate analysis of variance that is used to classify samples based on a set of predictor variables of the samples. To select variables that are useful in classifying the samples, a stepwise variable selection algorithm can be used prior to the DFA (SPSS software program, ver. 10, SPSS, Chicago, IL, USA). Therefore, the stepwise discriminant function analysis (SDFA) is a valuable tool in evaluating the potential of various microbiological methods in discriminating host source of E. coli isolated from contaminated environmental samples.
The objectives of this study were to use the SDFA to: (i) determine if the AFLP method is capable of di¡erenti-ating the host sources and virulence of a collection of E. coli strains of geographically diverse origin, and (ii) to compare the e¡ectiveness of AFLP and ERIC-PCR for di¡erentiating the host sources and virulence of the members of the E. coli collection.
Materials and methods

Bacterial strains and growth conditions
One hundred and ten E. coli isolates were used in this study ( Table 1) . The E. coli collection included isolates obtained from cattle, humans and pigs. Forty-three E. coli pig isolates were isolated from healthy pigs from across Ontario, Canada. These were all evaluated by means of PCR for the presence of genes encoding the Shiga-like toxin I and II (stxI and stxII, respectively) of VTEC and the heat-labile and heat-stable toxin genes of ETEC. None of the isolates revealed the expected PCR products (stxI, 350 bp; stxII, 262 bp; heat-labile toxin gene, 322 bp; heat-stable toxin gene, 170 bp; con¢rmed with positive control strains that contain the stxI, stxII, heat-labile gene and heat-stable gene) indicating that the pig isolates were neither VTEC nor ETEC (data not shown). Although these isolates were not tested for other less common pathogenicity determinants (such as those specifying the enteroinvasive E. coli and enteropathogenic E. coli virulence phenotypes), they are nevertheless designated non-pathogenic pig isolates in this study. Both the bovine and the human isolate collections included nonpathogenic isolates and various serotypes of VTEC and ETEC strains. The non-pathogenic pig and human isolates were isolated from various locations across Ontario, Canada by our laboratory and by Dr. C. Poppe at Health Canada, Guelph, ON. The VTEC and ETEC strains were isolated from their hosts in North America, Europe and Australia and were kindly provided by Dr. C. Gyles, University of Guelph [26, 27] . All the E. coli isolates were grown in TSB at 37 ‡C and the stock cultures were stored at 370 ‡C in TSB supplemented with 25% (v/v) glycerol. 
AFLP ¢ngerprinting
Genomic DNAs of the E. coli isolates were extracted and puri¢ed using the Qiagen DNeasy tissue kit (Qiagen, Mississauga, ON, Canada) according to the manufacturer's instruction. The DNA extracts were diluted to 10 ng Wl 31 and used for an AFLP assay adapted from a commercial AFLP Microbial Fingerprinting protocol (PE Applied Biosystems, Perkin-Elmer, Streetsville, ON, Canada). In brief, 10 ng of the DNA samples was digested with 1 unit MseI and 5 units EcoRI and the digested DNA was ligated by 1 unit of T4 DNA ligase at 37 ‡C for 2 h to EcoRI and MseI adapters provided in the PE Applied Biosystems AFLP Microbial Fingerprinting kit. The restriction/ligation product was diluted 20 times in sterile TE bu¡er and subjected to the PCR with the EcoRI-G (labelled with a JOE £uorescent dye) and MseI-A AFLP primers. The PCR was performed by the GeneAmp PCR System 9600 with a 'touchdown' PCR protocol. The conditions were an initial denaturation of 94 ‡C for 2 min, followed by 30 cycles of denaturation at 94 ‡C for 30 s, a 30-s annealing step and a 2-min extension step at 72 ‡C. The annealing temperature of the ¢rst cycle was 66 ‡C and annealing temperature decreased by 1 ‡C per cycle for the next nine cycles. The ¢nal 20 cycles were annealed at 56 ‡C and followed by a ¢nal extension at 60 ‡C for 30 min. The AFLP products were denatured at 95 ‡C for 2 min with formamide (33% ¢nal concentration) and separated on a 5% denaturing polyacrylamide gel (LongRanger, FMC Bioproducts) with 1UTBE (89 mM Tris, 89 mM boric acid and 2 mM EDTA) and 6 M urea. Electrophoresis conditions of the ABI Prism 377 DNA sequencer (PE Applied Biosystems) were set at 2.5 kV and 50 ‡C for 3.5 h. Each lane was co-loaded with ROX-500 as size internal standard (PE Applied Biosystems). The AFLP ¢ngerprints of the isolates were captured using GeneScan software (PE Applied Biosystems) and DNA fragments of 50^500 bp were converted to binary codes for subsequent analysis. The AFLP data were analyzed by a SDFA provided in the SPSS ver. 10 software program.
ERIC-PCR ¢ngerprinting
Sixty-two E. coli strains of the collection, including 14 human (VTEC), 12 bovine (VTEC) and 36 pig (nonpathogenic) isolates, were used for the ERIC-PCR DNA ¢ngerprinting assay. The isolates were cultured in TSB at 37 ‡C and harvested at late exponential phase (OD 600nm = 1). DNAs of the samples were extracted using the InstaGene DNA extraction kit (Bio-Rad Laboratories, Mississauga, ON, Canada) described by the manufacturer. In brief, 1 ml cell culture was washed twice with sterile saline, suspended in 200 Wl of InstaGene matrix and incubated at 56 ‡C and 100 ‡C for 15 min and 8 min, respectively. Ten Wl of the DNA extract was used in a 25-Wl ERIC-PCR assay. The PCR reaction mixture also contained 0.2 mM of each dNTP, 2.5 mM MgCl 2 , 1UPCR bu¡er, 1.5 U Taq DNA polymerase and 2 WM of each ERIC primer (ERIC2, 5P-AAG TAA GTG ACT GGG GTG AGC G; ERIC1R, 5P-ATG TAA GCT CCT GGG GAT TCA C). The PCR was performed with an initial incubation at 94 ‡C for 3 min, followed by 30 cycles consisting of 94 ‡C for 1 min, 50 ‡C for 1 min and 72 ‡C for 3 min. A ¢nal extension at 72 ‡C for 5 min was programmed to complete the ampli¢cation. The ERIC-PCR patterns of the isolates were visualized by electrophoresis in 1% agarose gels containing TBE and 0.2 Wg ml 31 ethidium bromide.
Statistical analyses
The AFLP DNA ¢ngerprints were converted to binary codes based on the presence and absence of the AFLP DNA fragments (50^500 bp). Because those AFLP bands that appeared in fewer than ¢ve out of the 110 isolates showed little in£uence in discriminating either the host or virulence speci¢city, these bands were excluded from our statistical analysis. The grouping structure within the data was analyzed using cluster analysis. Because the data were binary, we used a Jaccard distance matrix and Ward's hierarchical cluster technique to construct a dendrogram for our E. coli isolates [28] . To evaluate the di¡erences of the E. coli strains among the host and pathogenicity groups based on the AFLP bands, we used a multiple response permutation procedure (MRPP) which is a non-parametric analogue of discriminant analysis and is a more appropriate analysis for binary data [29] . Both these analyses were performed using the PC-ORD (ver. 4) software (PC-ORD Multivariate Analysis of Ecological Data software package, MjM Software Design, Gleneden Beach, OR, USA).
A SDFA (SPSS software program, ver. 10) was used to cluster the E. coli isolates into the three host sources (i.e. bovine, human and pig). The stepwise variable selection algorithm (using Wilks' lambda) selected AFLP bands that were capable of classifying an isolate to a speci¢c host group at P 9 0.05 and eliminated bands that were not useful in grouping the isolates at P v 0.1. To process the SDFA data, DNA bands were used to establish parameters for the predictive models that grouped the isolates into the correct host or pathogenic groups. Crossvalidation iterations were performed by analyzing each isolate by the parameters derived from the remaining 109 E. coli isolates. A canonical discriminant functions plot was created by the SPSS 10 software based on the ¢rst two discriminant axes. The plot represented a twodimensional visual clustering of the isolates into their predicted host groups based on their discriminant scores. The SDFA was also used to analyze the predictive capability of the AFLP data on discriminating virulence speci¢city (i.e. non-pathogenic, VTEC and ETEC) and speci¢c hostv irulence grouping (i.e. bovine VTEC, bovine ETEC, bo-vine non-pathogenic E. coli, human VTEC, human ETEC, human non-pathogenic E. coli and pig non-pathogenic E. coli).
The ERIC-PCR ¢ngerprints were converted to binary codes based on the presence and absence of the ERIC-PCR fragments. Because of the limited number of ERIC-PCR bands (total of 18 DNA bands) displayed by the E. coli isolates, the data were analyzed by both the SDFA and the non-selective DFA (i.e. all DNA bands were included in the analysis). The analyses were used to determine the usefulness of the ERIC-PCR method in predicting the host source and virulence of the E. coli isolates.
Results
The combination of the EcoRI-G and MseI-A AFLP primers produced DNA ¢ngerprints that consisted of 27^126 DNA bands (range 50^500 bp) for our E. coli collection and gave an average of 60 bands per E. coli strain. The number of AFLP bands produced by our primers was in general more than the 35^40 AFLP DNA bands generated by the EcoRI-A and MseI-G primers in another study [10] . A total of 390 DNA bands were obtained from our E. coli collection. However, 162 of the DNA bands appeared in fewer than ¢ve E. coli strains and did not show any capability in discriminating any host or virulence speci¢city. Hence, these bands were eliminated to reduce the size of the dataset for further statistical analysis.
Three E. coli strains, ATCC 25922 (a non-pathogenic strain, human origin), AS30 (a non-pathogenic pig isolates) and H-38 (a VTEC strain, human origin), were used to test the reproducibility of the AFLP assay. Although the AFLP patterns of the replicates were not 100% identical, they were very closely clustered to each other as presented in a dendrogram (Fig. 1) . The VTEC and ETEC strains were tightly clustered and were distinctly separated from each other and from the non-pathogenic E. coli strains. The isolates were separated into three major clusters, designated I, II and III (Fig. 1) . Although isolates of various hosts and pathogenicity were not separated by the three clusters, many of the pig isolates were exclusively grouped under subclusters 2, 7, 8, 9, 10, 13 and 19 ( Fig. 1 ). An MRPP analysis indicated that the seven groups de¢ned by host^pathogenicity combinations (bovine VTEC, bovine ETEC, bovine non-pathogenic E. coli, human VTEC, human ETEC, human non-pathogenic E. coli and pig non-pathogenic E. coli) were signi¢cantly di¡erent (Test statistic (T) = 315.8; P 6 0.001; Chancecorrected within-group agreement (A) = 0.05). Therefore, a SDFA was further used to analyze the AFLP data to di¡erentiate the host origins and pathogenicity of the E. coli collection quantitatively.
The SDFA was successful in separating the E. coli strains isolated from bovines, humans and pigs. The SDFA selected 39 discriminant DNA bands, which significantly distinguished the host speci¢city of the E. coli strains, for the analysis. A canonical discriminant plot showed that the E. coli strains clearly clustered into their speci¢c host groups (Fig. 2) . The two-function model showed signi¢cant group di¡erences (M 2 = 385.2, P 6 0.0001) with function 1 and 2 having canonical correlation values of 0.960 and 0.908, respectively. The overall cross-validated classi¢cation e⁄ciency was 93.6% with 91.4, 90.6 and 97.7% of the human, bovine and pig isolates being classi¢ed into the correct host types, respectively ( Table 2) .
The AFLP ¢ngerprinting method could also distinguish the non-pathogenic E. coli from the VTEC and ETEC virulence phenotypes (Fig. 3) . The SDFA selected 41 DNA bands to classify the isolates based on pathogenicity. The two-function model showed signi¢cant di¡erences between the three pathogenic and non-pathogenic groups Fig. 2 . Canonical discriminant function plot to di¡erentiate the host source of the E. coli isolates of bovine, human and pig origins. The plot was based on a DFA of the AFLP DNA ¢ngerprints of the bovine, human and pig E. coli isolates. Fig. 3 . Canonical discriminant function plot to di¡erentiate the virulence phenotype (VTEC, ETEC or non-pathogenic E. coli) of the E. coli isolates. The plot was based on a DFA of the AFLP DNA ¢ngerprints of the bovine, human and pig E. coli isolates. Table 3 Percentages of isolates assigned to the correct virulence phenotypes by using AFLP ¢ngerprints
Virulence phenotype (number of isolates)
Percentage (number) of isolates correctly assigned to:
Non-pathogenic VTEC ETEC Non-pathogenic (72) 100 (72) 0 (0) 0 (0) VTEC (27) 0 (0) 100 (27) 0 (0) ETEC (11) 9.1 (1) 0 (0) 90.9 (10) (M 2 = 493.5, P 6 0.0001) with functions 1 and 2 having canonical correlation values of 0.977 and 0.956, respectively. The overall cross-validation classi¢cation e⁄ciency was 99.1% with 100, 100 and 90.9% of the non-pathogenic, VTEC and ETEC E. coli correctly classi¢ed, respectively ( Table 3) .
The SDFA was also used to di¡erentiate the seven hostp athogenicity combinations (bovine VTEC, bovine ETEC, bovine non-pathogenic E. coli, human VTEC, human ETEC, human non-pathogenic E. coli and pig non-pathogenic E. coli) and 50 DNA bands were selected by the SDFA for the analysis. It showed that the virulence phenotypes and non-pathogenic E. coli strains within and between host groups are signi¢cantly di¡erent from each other (Fig. 4) . The M 2 was 1019.1 (P 6 0.0001) and the ¢rst three discriminant functions accounted for 81.1% of the variance. The canonical correlations of the ¢rst three discriminant functions were 0.979, 0.962 and 0.948, respectively. An average of 86.4% of the cross-validated grouped cases were correctly classi¢ed with individual group classi¢cation e⁄ciency ranging from 50 to 100% (Table 4) . Although the cross-validated grouping showed that the human and bovine VTEC were 93.3 and 83.3% correctly classi¢ed (Table 4) , respectively, the canonical plot (Fig. 4) showed a substantial overlap between the two groups. Similarly, a discrepancy between the canonical plot and the stepwise cross-validated grouping was also observed between the human and bovine ETEC strains. An analysis was made based on the human and bovine VTEC isolates only. It showed that 80.0 and 58.3% were correctly classi¢ed to the human and bovine VTEC, respectively (Table  5 ). This showed that the human VTEC strains were fairly speci¢c to their human hosts but 41.7% of the bovine VTEC strains fell into the human VTEC cluster. SDFA of the human and bovine ETEC strains alone showed that Fig. 4 . Canonical discriminant function plot to di¡erentiate the seven host^pathogenicity combinations (bovine VTEC, bovine ETEC, bovine non-pathogenic E. coli, human VTEC, human ETEC, human nonpathogenic E. coli and pig non-pathogenic E. coli) of the E. coli collection. The plot was based on a DFA of the AFLP DNA ¢ngerprints of the bovine, human and pig E. coli isolates. Table 4 Percentages of isolates assigned to the correct host^virulence groups by using AFLP ¢ngerprints 100 and 83.3% of the strains were correctly classi¢ed, respectively ( Table 5 ). The low speci¢city of the bovine ETEC strains (Table 4 ) may be a statistical artifact caused by the presence of the other unrelated E. coli groups. Sixty-two E. coli strains, including 14 human (VTEC), 12 bovine (VTEC) and 36 pig (non-pathogenic) isolates, were used for the ERIC-PCR DNA ¢ngerprinting assay. A total of 18 quality DNA bands were identi¢ed for the assay. The number of DNA bands generated by the ERIC-PCR for each E. coli was between three and eight (an average of ¢ve bands per isolate ranging from 200 to 3000 bp, Fig. 5) . A non-selective DFA showed that 75% of the pig isolates were correctly assigned to the host group. However, 0 and 28% of the bovine and human isolates were correctly placed to their host groups, respectively (Table 6) . A SDFA of the AFLP data of the same set of isolates yielded a 100% separation of the three di¡erent host groups (Table 6 ).
Discussion
AFLP has been used to assess phylogenetic diversity, epidemiological clonality and source typing of bacterial isolates [10,13^20,22^24,30] . Despite the relatively small sample sizes of these studies (34^105 isolates), this method has been highly successful in typing bacteria. The number of E. coli isolates (110 isolates) used in this study is similar if not higher than in other AFLP studies in the literature. The results showed that our sample size was su⁄cient for the AFLP analysis in discriminating E. coli isolates obtained from bovine, human and pig fecal samples (Table  2) . However, studies with larger sample sizes will be valuable in con¢rming the robustness of the AFLP assay on large samples [31] .
Unlike other DNA ¢ngerprinting methods, such as rep-PCR and random ampli¢cation of polymorphic DNA [11] , AFLP has been shown to be highly reproducible [24] . In this study, duplicates of three E. coli strains were analyzed, with their DNA extracted, digested, ampli¢ed and electrophoresed separately on di¡erent days. Although the AFLP patterns of the duplicates were not 100% identical, they were clustered closely together (Fig. 1) .
DFA has been used successfully to analyze/predict host sources of E. coli [6^8, 10, 31] . However, the e¡ectiveness of this analytical method is dependent on whether variables included in the analysis are signi¢cant in contributing to the grouping of microbial isolates to their respective host sources. Therefore, a SDFA procedure is valuable because it selects useful variables prior to the DFA. In this study, a total of 390 distinct DNA fragments were generated by the AFLP assay. However, many of the DNA bands were not useful in classifying the E. coli isolates. For instance, some bands appeared in almost all isolates despite their host origins and some bands were speci¢c to only a few isolates in the sample collection. Therefore, the stepwise process is crucial in selecting the useful DNA bands for the DFA.
To date, only one published study has used the AFLP method to di¡erentiate E. coli isolates from animal and human sources and a non-stepwise discriminant analysis (the DISCRIM procedure, SAS version 8.1, SAS Institute) was used to analyze the data. The DISCRIM procedure di¡erentiated E. coli isolates originated from human, cattle, chicken, pig, turkey, deer, goose and moose at an accuracy of 71^100% [10] . With the SDFA, this study correctly assigned bovine, human and pig hosts at 90.6, 91.4 and 97.7% accuracy, respectively. This is an improvement in comparison to the study of Guan et al. [10] .
In addition, the E. coli isolates in the study of Guan et al. [10] were non-pathogenic and were collected from lo- (12) 41.7 (5) 58.3 (7)^Ĥ uman ETEC (5)^^100 (5) 0 (0) Bovine ETEC (6)^^16.7 (1) 83.3 (5) a Data not included in the analysis. cations limited to Southern Ontario. Despite the wide geographic origin of the E. coli strains in this study, it did not a¡ect e¡ectiveness of the AFLP method in di¡erentiating the E. coli strains from various host origins. The tightly clustered pig strains may be a re£ection of the restricted sampling area in Canada. However, this observation may also be related to the practice of pig farming in Canada because there is only very limited contact between the farm pigs and humans and other animals. The SDFA-AFLP was also e¡ective in di¡erentiating VTEC, ETEC and non-pathogenic E. coli, at an accuracy of 100, 91 and 100%, respectively (Table 3) . AFLP ¢nger-print similarity has been found to be highly correlated to DNA^DNA homology [18] . A recent study by Dobrindt et al. [32] showed that about 27% of the open reading frames of the E. coli K-12 strain were variable among the pathogenic and commensal E. coli strains tested. Therefore, it is not surprising that AFLP ¢ngerprinting can e⁄ciently distinguish the VTEC, ETEC and non-pathogenic E. coli strains in this study. Similar separation of these three E. coli groups was observed within the human isolates at an average accuracy of 91% (Table 4) . Despite a clear separation of the VTEC, ETEC and non-pathogenic E. coli isolated from bovine in the canonical discriminant function plot (Fig. 4) , the classi¢cation results showed that 86, 83 and 50% of the bovine non-pathogenic strains, bovine VTEC and bovine ETEC were assigned to the correct virulence phenotypes, respectively ( Table 4) . The low speci¢city of the bovine ETEC cluster could also be an artifact created by small sample size of the bovine ETEC group and the presence of several other E. coli groups in the collection. Fig. 4 also shows a substantial overlap of the human and bovine VTEC despite a high level of accuracy in distinguishing the two VTEC groups when all seven groups of host^pathotypes were analyzed simultaneously (Table  4) . In order to minimize the artifact of analyzing too many E. coli groups simultaneously, SDFA was performed on the human and bovine VTEC isolates alone. Only 80 and 58% of the VTEC isolates were correctly assigned to their respective human and bovine host groups (Table 5) . Since a high percentage of VTEC outbreaks in human population can be traced back to bovine origins, it is not surprising that 42% of the bovine VTEC were classi¢ed into the known human VTEC isolates.
Our ERIC-PCR results are comparable to the results of Lipman et al. [25] where three to ¢ve ERIC-PCR bands were detected in each of several mastitis E. coli strains. However, the study by Rademaker et al. [18] showed that Xanthomonas isolates produced more complex ERIC-PCR ¢ngerprint patterns. This can be attributed to the complexity of the Xanthomonas genome, or the di¡erences of their experimental parameters. Both the DFA and SDFA showed that the ERIC-PCR was not e¡ective in distinguishing E. coli between animal and human sources. The low discrimination power of the ERIC-PCR method can be explained by the limited number of DNA fragments generated by this method on this collection. On the other hand, the SDFA on the AFLP data of the same 62 E. coli strains showed excellent success in di¡erentiating the host origins of the strains with 100% accuracy (Table 6 ). The superior di¡erentiating power of the AFLP method may be due to the fact that this method generates a large number of DNA fragments and hence represents a larger proportion of the bacterial genome.
In conclusion, the SDFA is a valuable tool in evaluating microbiological methods in discriminating host source of E. coli isolated from the environment. Our results are also in agreement with a recent study indicating that AFLP has signi¢cant potential for ascribing host source to environmental isolates of E. coli [10] . Furthermore, we now show that the method can distinguish pathogenic strains.
